As a consequence of the new strategy to boost productivity capacity and ensure food security, China's farmland rental market is developing rapidly, and its impacts on agricultural productivity have been extensively studied. However, the impacts of farmland rental on food safety have not been considered. The aim of this study was to determine the causal effects of farmland rental on fertilizer and pesticide use in wheat and maize production and evaluate the potential effects of this activity on food safety. Survey data obtained from 900 households in eight counties in Gansu province were used in this study, and the propensity score matching (PSM) method was employed to solve selection bias problems with the data. The results showed that farmland rental significantly reduced fertilizer and pesticide use in wheat and maize production, implying a potential reduction in heavy metal contamination of food and drinking water as well as less pesticide residues-remaining in food and contamination of environment. Also, households renting land were more likely to adopt new agricultural technologies and management methods and to acquire more agricultural acknowledges and information than those not renting land and renting out land. Thus, farmland rental is a benefit to the application of new agricultural technologies and management methods, to rational use of agrochemicals, and finally to food safety and environmental conservation. Policies such as encouraging farmland rental, enhancing education of farmers, improving technological innovation, and providing better information transfer should help ensure not only "enough food" but also "safe food".
Introduction
For a long time, decreasing farmland and rapidly growing populations have made food security a growing concern worldwide [1, 2] . As the largest developing country with the largest population and grain consumption in the world, China has successfully created the "Miracle in China" by feeding 22% of the global human population with less than 9% of the world's arable land over the past several decades, indicating a substantial contribution to global food security [3, 4] . However, with the reduction of arable land and the increase of population and grain consumption, China's food security is increasingly acute [5] .
Background
In the past several decades, the household contract responsibility system (HCRS) of farmland starting in 1978 has greatly promoted the economic growth and the transition of rural China [22] . This land system was compatible to the backward agricultural productivity and simple economic structure of China at that time [23] . For a long time, it not only aroused rural households' enthusiasm for agricultural production and improved agricultural productivity, but also optimized the agricultural production structure and food consumption structure of residents in China [24] . However, with the development of agricultural productivity, the shortcoming of HCRS is increasingly outstanding. The agricultural development of China is facing many new challenges, such as declining farmland area, aging farmers, and deteriorating ecological environment [5, 21] .
Developing large-scale and mechanized farms is considered a promising approach to address the challenges facing China's agriculture [6, 25] . For this purpose, Chinese government has openly Sustainability 2019, 11, 2402 3 of 15 encouraged farmland rental and large-scale farming by a series of agricultural policies, including subsidies on leased land, allowance for purchasing agricultural machinery, farmland certification, agricultural insurance, and farmland collateral [26] . Furthermore, farmland rental and large-scale farming were also encouraged and emphasized in the Chinese Number 1 Document of 2012 to 2019. In addition, the release of surplus labor from rural areas to urban industrial sectors also contributed to the booming of farmland rental market. China's farmland rental market grows rapidly, while only 5.2% of contracted farmland was leased in 2007, but this ratio rose to 35 .1% in 2016 [27] .
The rapid growth of farmland rental market in China attracted considerable attention of academia. Some studies focused on the understanding of the determinants of farmland rental. Plenty of studies on the determinants of farmland rental found that off-farm employment, migration, tenure security, and agricultural ability had significantly positive impacts on the development of the farmland rental market [7, [28] [29] [30] [31] . Additionally, the productive heterogeneity among farmers, household attributes, contract condition, credit market development, institutional buildings, and property rights also played critical roles on farmland rental [8, 32] . Some other studies explored the effects of farmland rental on agricultural production and farmers' income. The impacts of farmland rental and large-scale farming on agricultural investments to land of farmers, agricultural productivity and efficiency, occupational diversification, farmers' income and income inequality, as well as farmers' welfare, were extensively studied [6, 20, [33] [34] [35] [36] .
Although the impacts of farmland rental and large-scale farming on agricultural production have been extensively studied, the casual relationship between farmland rental and agrochemical use in agricultural production is still unclear. Thus, it is important to clarify this relationship.
Econometric Approach
To estimate the effects of a treatment, the difference in an individual's outcome with and without treatment should be estimated. However, it is not possible to observe both outcomes for the same individual at the same time. Ideally, experimental data could provide information on the counterfactual situation that would solve the problem of causal inference [37] . As this is not the case, there is a problem of "missing data" [38] . Thus, the problem of selection bias arises when taking the mean outcome of nonparticipants as an approximation [39] . In our study, households renting land and renting out land were usually different from those not renting land, even in the absence of farmland rental. For instance, households active on farmland rental market might be more economically oriented or economically rational than those not renting land. The propensity score matching (PSM) approach is one possible solution to selection bias, and it has become a popular approach to estimate causal treatment effects, since it shows a close link to the experimental context [39] and isolates the treatment effects from other socio-economic determinants [37] .
The basic idea of PSM is to find in a large group of nonparticipants that are similar to the participants in all relevant pretreatment characteristics. Then, the differences in outcomes of this are well selected and thus act as an adequate control group, and those of the participants can be attributed to the treatment.
Firstly, PSM reduces the high level of dimensionality of households by comparing households with probability of farmland rental based on relevant characteristics [40, 41] . A definition of the conditional probability of involvement of rural households i in farmland rental can be expressed as a logit form:
where P(X i ) is the conditional probability of household i renting land or renting out land and is defined as the propensity score (p-score); T i is a binary variable for renting land or renting out land for rural household i, and it represents the treatment here; X i is the vector of exogenous variables; β i is a vector of parameters to be estimated. All variables are defined in the next section. The p-score estimation ranks households according to their own behavior toward renting land or renting out land. Thus, this study estimated the effects of farmland rental among groups of farmers with similar behaviors. In our study, households renting land (estimating the effects of renting land) and households renting out land (estimating the effects of renting out land) were considered as treatment groups, and those not involved in farmland rental were considered as control groups. Then, each household in the treatment group was matched with a household in the control group according to their p-scores. Three of the most widely-used matching methods, nearest neighbor matching (NNM), radius-based matching (RBM), and kernel-based matching (KBM) [42] , were used in this study. To make two samples with similar p-scores from different matched groups, NNM entails backward and forward searching to identify one or more samples in the control group with the closet p-scores for the samples in the treatment group; RBM entails searching all samples of the control group occurring within a certain radius according to their p-scores for the samples in the treatment group; KBM entails matching each sample in the treatment group with a weighted average of all weighted controls that are inversely proportional to the distance between p-scores of the samples in the treatment and the control groups [42] .
After matching, the balancing hypothesis should be tested to check whether the two households from different groups are, in fact, similar. Households with the same or similar p-score are assumed to have the same distribution of X i , irrespective of their farmland rental status in the balancing hypothesis. Moreover, the common support condition that bounds the p-score away from zero and one and excludes the tails of the distribution of p-score is imposed to improve the quality of matches [37] . The p-score density functions of two groups should be proximate, thus indicating similar characteristics of X in the two groups after matching according to the common support assumption. Two household groups after matching are considered to behave similarly when the balancing hypothesis and the common support assumption are simultaneously satisfied [43] .
The main feature of PSM is creating the conditions of a randomized experiment to evaluate a causal effect as in a controlled experiment. Thus, the conditional independence assumption is made that farmland rental is random and unrelated to fertilizer (chemical fertilizer here) and pesticide cost with controlled X. The conditional independence assumption is more plausible than in the case of ordinary least square (OLS), since farmland rental is assumed to be random within households having the same behavior towards farmland rental [37] . Then, the impact of renting land or renting out land on fertilizer and pesticide cost of wheat and maize production is:
where f (X i ) is the difference of fertilizer or pesticide cost of wheat and maize production between a household i from treatment group and its matched household from control group; Y 1 i and Y 0 i represent the fertilizer or pesticide cost of wheat and maize production of a household i from treatment group and those of its matched household from control group, respectively; T = 1 and T = 0 indicate a household from the treatment group and from the control group, respectively.
To facilitate comparison, the cost of fertilizer and pesticide were used to represent the use of fertilizer and pesticide in this study. There are several reasons for using agrochemical cost to represent agrochemical use. Firstly, it is improper to use the real agrochemical use amount, since different households used different agrochemical types with different ingredients and concentrations. The amounts of agrochemicals with different ingredients and concentrations cannot be directly compared. Secondly, in the study area, almost all of households brought their agrochemical from local stores of the nearest towns, and the prices of agrochemicals were stable and transparent. In addition, only several households had a huge farm size after renting land, thus households in our study did not get the point of reducing the input price by large volume purchase. For example, only three households in our study had a farm size over one hundred mu (the mu unit is widely used as the unit of farmland in China, and 1 mu is 1/15 hectare). Hence, agrochemical cost should be a good index to represent agrochemical use in our study. The average effect of farmland rental is:
where ATT is the average effect of fertilizer or pesticide cost of wheat and maize production resulting from farmland rental. It is worth noting that small sample bias remained in the statistical analysis of this study. To reduce this bias, the bootstrap method was employed to estimate standard errors of ATTs.
Survey and Data
The data for this study were derived from a survey of rural households conducted in eight selected counties of Gansu province, China (Figure 1 ). Gansu province is a typical grain production area in a less-well developed region of China with relatively poor agricultural production conditions and low level of urbanization. It has a land area of about 4.7% of the total area of China and is one of the major grain producing provinces in Northwestern China. The planted grain crops area of Gansu is about 2.5% of the national level during 2015, which is larger than that of most other provinces in Northwestern China [44] . In addition, the farmland rental market in Gansu province has developed rapidly. For example, only 4.1% of contracted farmland had been leased in September 2010, while 24.6% of contracted farmland had been leased in September 2016 [45] . Thus, the study of Gansu province may provide some hints for not only Northwestern China but also for some less developed areas similar to Gansu in other countries. where ATT is the average effect of fertilizer or pesticide cost of wheat and maize production resulting from farmland rental. It is worth noting that small sample bias remained in the statistical analysis of this study. To reduce this bias, the bootstrap method was employed to estimate standard errors of ATTs.
The data for this study were derived from a survey of rural households conducted in eight selected counties of Gansu province, China ( Figure 1 ). Gansu province is a typical grain production area in a less-well developed region of China with relatively poor agricultural production conditions and low level of urbanization. It has a land area of about 4.7% of the total area of China and is one of the major grain producing provinces in Northwestern China. The planted grain crops area of Gansu is about 2.5% of the national level during 2015, which is larger than that of most other provinces in Northwestern China [44] . In addition, the farmland rental market in Gansu province has developed rapidly. For example, only 4.1% of contracted farmland had been leased in September 2010, while 24.6% of contracted farmland had been leased in September 2016 [45] . Thus, the study of Gansu province may provide some hints for not only Northwestern China but also for some less developed areas similar to Gansu in other countries. Eight counties with different economic development levels located in different parts of Gansu province were selected as sample regions ( Figure 1 ). These counties contain the majority of landform types and planting models in Gansu province, such as Minle county in the Hexi Corridor and Huining county on the Loess Plateau. The face-to-face questionnaire survey was conducted with the household heads during April to September 2015 by students of Lanzhou University after proper training, and sample households were randomly selected. The questionnaire contained demographic information, planting and breeding situation, inputs and outputs of crops, farmland types and area, farmland rental situation in 2014, and willingness to take part in farmland rental. A total of 900 useable questionnaires was collected (144 from Xifeng county, 157 from Yuzhong county, 123 from Minle county, 28 from Gulang county, 30 from Lingtai county, 137 from Jingning county, 132 from Huining county, and 149 from Min county).
Wheat and maize were selected to be included in this study, since they were two main grain crops taking up 56.54% of the total planted area in the eight counties. The farmland rental and the planting situations of wheat and maize in the study area are reported in Table 1 . There were 479 households that planted wheat, and 84 of them rented and 71 of them rented out some land. The Eight counties with different economic development levels located in different parts of Gansu province were selected as sample regions ( Figure 1 ). These counties contain the majority of landform types and planting models in Gansu province, such as Minle county in the Hexi Corridor and Huining county on the Loess Plateau. The face-to-face questionnaire survey was conducted with the household heads during April to September 2015 by students of Lanzhou University after proper training, and sample households were randomly selected. The questionnaire contained demographic information, planting and breeding situation, inputs and outputs of crops, farmland types and area, farmland rental situation in 2014, and willingness to take part in farmland rental. A total of 900 useable questionnaires was collected (144 from Xifeng county, 157 from Yuzhong county, 123 from Minle county, 28 from Gulang county, 30 from Lingtai county, 137 from Jingning county, 132 from Huining county, and 149 from Min county).
Wheat and maize were selected to be included in this study, since they were two main grain crops taking up 56.54% of the total planted area in the eight counties. The farmland rental and the planting situations of wheat and maize in the study area are reported in Table 1 . There were 479 households Sustainability 2019, 11, 2402 6 of 15 that planted wheat, and 84 of them rented and 71 of them rented out some land. The number of households that planted maize was 452, and 78 of them rented and 65 of them rented out some land. Of the 900 surveyed households, 114 were renting land and 209 renting out land, i.e., 12.67% and 23.22%, respectively. The farmland rental market in Gansu province was still at its infancy in 2014. Note: "Total" in the row is the number of households with different farmland rental status without regard to the crop planting situation; "Total" in the column is the number of households with different crop planting situations without regard to their farmland rental status.
Some descriptive information of the study area and the definition of variables is reported in Table 2 . According to previous studies, exogenous variables X including variables of farmer characteristics (head age, age square, occupation, education, health condition, labor ratio, income, and off-farm income), variables of farmland characteristics (land area, irrigation, landscape, and block size), some other factors (farmland reallocation and farmland rental policy) and county dummies (Xifeng, Yuzhong, Minle, Gulang, Lingtai, Jingning, and Huining) were expected to influence farmland rental behaviors of households [7, 29, 46] . Note: The mu unit is widely used as the unit of farmland in China, and 1 mu is 1/15 hectare; renting land = 1 if a household rented in some land, otherwise = 0; renting out land =1 if a household rented out some land, otherwise = 0; head age is the age of household head; head age square is the square of head age; occupation = 1 if the household head was farming, otherwise = 0; education is the education year of household head; health condition =1 if the health condition of household head was good, otherwise = 0; labor ratio is the quotient of labor numbers to family size and family labors, including all family members who were able-bodied, not in school, and between 16 and 65 years old [7] ; income is the annual income per capita, measured in thousand yuan; off-farm income is the quotient of off-farm income to total income of a household; land area is the original owned farmland area per capita (the contracted farmland), measured in mu; irrigation is the ratio of irrigable land at village levels; landscape is the ratio of farmland in level areas at village levels; block size is the average block size at village levels, measured in mu; farmland reallocation is the frequency of which the farmland has been reallocated by any kind of reallocation since the start of Household Contracted Responsibility System (HCRS); farmland rental policy is the answer of households to the question, "Do you know that the Chinese Central Government is encouraging farmland rental?". The descriptive information of wheat and maize production is presented in Table 3 . The average planted wheat and maize area was 4.580 mu and 4.213 mu, respectively. The average output of wheat was 296.718 kg·mu −1 , which is approximately in line with the data of Rada et al. [6] , and the average output of maize was 579.153 kg·mu −1 . The data suggest a significant variability in fertilizer and pesticide use as well as crop outputs in the study area. 
Empirical Results

Estimation Results of the Propensity Score
The Logit model was used to estimate propensity scores of rural households for renting land and renting out land. A condition number test was made to test the multicollinearity of explanatory variables before estimating models. The condition index of explanatory variables in the Logic models of renting land (149.85) and renting out land (140.80) were both lower than 30 [47] , indicating there was no multicollinearity in the Logic regressions (Table 4) . Robust standard errors were applied to reduce the heteroscedasticity in the regressions. The pseudo R 2 value, which was widely used to measure the good fitness of a model, was 0.171 (renting land) and 0.337 (renting out land) in this study, showing the models had good fit with micro data [42] . Additionally, the AUC indicator (area under the receiver operating characteristic curve) greater than 0.7 (0.785 for renting land and 0.866 for renting out land) could be considered a good indicator that the model's specifications were appropriate in this study [48] .
Results of Logit formulations for the propensity scores of renting land and renting out land are reported in Table 4 . Some farmer and farmland characteristics significantly influenced farmland rental. For farmer characteristics, an inverted U-shaped relationship was found between renting land behavior and household head age with a peak point of 50.430 years old. Households whose heads were not involved in farming were less likely to rent out their land (−1.749). Off-farm income ratio was negatively (−1.022) correlated with renting land behavior but positively (0.815) correlated with renting out land behavior. These results are in line with the study of Kung [28] and Huang et al. [7] . For farmland characteristics, contracted land area per capita was positively (0.136) correlated with renting out land behavior of the household, indicating households lacking labors were more likely to rent out their land than those with sufficient labors. The significant positive coefficients of irrigation (1.172) and landscape (2.121) indicated a high demand for high quality farmland. The significant negative coefficient (−1.110) of block size indicated households tended to rent out their land with small area. The significant negative effect of farmland reallocation (−0.556 for renting land and −1.121 for renting out land) and significant positive effect of rural households' perceptions of farmland rental policy (1.170 for renting land and 1.395 for renting out land) on households' renting land and renting out land behaviors indicate the importance of farmland right security and government support on the development of farmland rental market in China. The location of rural households also had some effects on households' farmland rental behaviors. Notes: *, ** and *** indicate statistical significance at 10%, 5% and 1% levels, respectively. AUC= area under the receiver operating characteristic curve.
Tests of Sample Matching
Estimating p-scores enabled similar samples from the treatment and the control groups to be obtained after sample matching. Three matching methods (NNM, RBM, and KBM) were used to estimate the effects of farmland rental on fertilizer and pesticide costs of wheat and maize production in this study, and results from different methods were the same (Table 7) . Thus, only the test results for the matching quality with NNM are reported here. Tables 5 and 6 report the results of balancing hypothesis tests to the sample matching with NNM. The results indicated that significant differences based on characteristics of X between the treatment groups and the corresponding control groups did not exist after matching [49] , and all the biases after matching were below 10% [50, 51] . Thus, the balancing hypothesis was satisfied in this study.
The kernel density functions before and after matching for the treatment and the control groups are shown in Figure 2 . It was apparent from the figures that differences in the density of functions between treatment groups and their corresponding control groups were highly significant prior to conducting the matching procedure. After matching, the distribution density functions of treatment groups and their corresponding control groups were very similar, and there was an evident decrease in their deviations. This evident contrast indicated that the common support assumption was satisfied in this study [37, 42] . Note: U and M indicate before and after matching, respectively; *, ** and *** indicate that the difference between the treated and control groups is significant at 10%, 5%, and 1% levels, respectively; bias is the standardized difference [50] . The same in Table 6 . 
Effects of Farmland Rental on Fertilizer and Pesticide Cost
The estimated results of the effects of farmland rental on fertilizer and pesticide costs of wheat and maize production are presented in Table 7 . Overall, renting land significantly reduced fertilizer and pesticide costs per mu for both wheat and maize production, meanwhile significantly reducing the fertilizer and pesticide costs per kg output of maize production. Renting out land significantly reduced the output per mu, pesticide cost per mu, and pesticide cost per kg output of both wheat Figure 2 . Common support assumption test to densities of propensity score of wheat farmers with different land rental status before matching (A,B) and after matching (E,F), and maize farmers with different land rental status before matching (C,D) and after matching (G,H). 
The estimated results of the effects of farmland rental on fertilizer and pesticide costs of wheat and maize production are presented in Table 7 . Overall, renting land significantly reduced fertilizer and pesticide costs per mu for both wheat and maize production, meanwhile significantly reducing the fertilizer and pesticide costs per kg output of maize production. Renting out land significantly reduced the output per mu, pesticide cost per mu, and pesticide cost per kg output of both wheat and maize production.
Households renting land used significantly less fertilizer and pesticides per unit of land area for both wheat and maize production than those not renting land ( Table 7) . The "nearest-neighbor" casual effects of renting land on fertilizer and pesticide costs per mu of wheat production were significant and equal to −16.281 yuan and −4.239 yuan, respectively, which were the average differences between fertilizer and pesticide cost per mu for wheat production for similar pairs of households belonging to different groups (renting-land group and not-renting-land group). In other words, the average fertilizer and pesticide costs per mu of wheat production of households renting land were 16.281 yuan and 4.239 yuan less than those of households not renting land, respectively. Similarly, the average fertilizer and pesticide costs per mu of maize production of households renting land were 32.981 yuan and 5.502 yuan less than those of households not renting land, respectively. This resulted in a reduction of 0.060 yuan and 0.010 yuan in fertilizer and pesticide cost per kg maize, respectively, for households renting land compared with those not renting land. Note: 1 mu is 1/15 hectare; standard errors were derived from bootstrap method with 10,000 replications; *, ** and *** indicate significance at 10%, 5% and 1% levels, respectively; outputs are measured in kg and all costs are measured in yuan. NNM= nearest neighbor matching, RBM= radius-based matching, KBM= kernel-based matching.
Surprisingly, households renting out land also significantly reduced their pesticide cost per mu and output per mu of wheat and maize production, but not fertilizer cost, compared with those not renting land (Table 7) . Meanwhile, reduction in outputs per mu was also observed in both wheat and maize production of households renting out land. The average pesticide costs per mu of wheat and maize production of households renting out land were 7.325 yuan and 7.708 yuan less than those of households not renting land with NNM, respectively. The significantly lower average outputs per mu of wheat and maize production of households renting out land, which were 37.904 kg and 93.306 kg lower than those of households not renting land, respectively, might partially be attributed to the reduction of pesticide use in wheat and maize production. The reduction on pesticide use also caused a reduction of 0.017 yuan and 0.010 yuan in pesticide cost per kg outputs of wheat and maize, respectively, for households renting land compared with those not renting land. Figure 3 shows the situation of adoption of new agricultural technologies and management methods in the study area. The results indicated that households adopting new agricultural technologies or management methods took up 29.79% of the renting-land group, 5.08% of the renting-out-land group, and 10.14% of the not-renting-land group. The percentage of households in the renting-land group adopting new technologies and management methods was almost three times that of households in the not-renting-land group, while the percentage of households adopting new technologies and management methods of renting-out-land group was only around half of that of the not-renting-land group. technologies or management methods took up 29.79% of the renting-land group, 5.08% of the rentingout-land group, and 10.14% of the not-renting-land group. The percentage of households in the renting-land group adopting new technologies and management methods was almost three times that of households in the not-renting-land group, while the percentage of households adopting new technologies and management methods of renting-out-land group was only around half of that of the not-renting-land group. 
Situation of Adoption of New Agricultural Technologies and Management Methods
Discussion
This study shed new light on food safety by determining the effects of farmland rental on the use of fertilizer and pesticides in grain production. To overcome the selection bias problem of the survey data, propensity score matching (PSM) was employed in this study, which perfectly removed selection bias through creating a context close to experimental conditions [39] .
Our study clearly showed that households renting land significantly reduced their fertilizer and pesticide use in wheat and maize production without decreasing crop outputs by much. This is partly 
Our study clearly showed that households renting land significantly reduced their fertilizer and pesticide use in wheat and maize production without decreasing crop outputs by much. This is partly explained by the findings of Ju et al. [52] and Pan et al. [14] that increasing farm size sharply reduces the use of fertilizer for agricultural production. One possible explanation is that the increase in farm size enables households to apply some new farming technologies and management methods based on scientific knowledge such as the 4R fertilization technology, which involves applying the right kind and amount of fertilizer at the right time by using the right application methods [53] . Moreover, households renting land often had higher expectations of profit from farming than those not renting land, and this encouraged them to be more specialized. Thus, a more rational amount of fertilizer and pesticide was used by households renting land. Indeed, this is confirmed by the results that households renting land had adopted a significantly higher percentage of new agricultural technologies and management methods than those not renting land. However, it is still worth noting that only 29.79% of the renting-land group had adopted new agricultural technologies and management, suggesting the adoption of new agricultural technologies and management methods adoption is limited in the study area. This may be attributed to the low level of economic development and poor education in the study area, hence farmers' education about technology should be further improved.
On the other hand, households renting out land also significantly reduced their pesticide use of wheat and maize production but not fertilizer use. The numerous incidents of China's grain food safety, such as the cadmium rice event in 2013 and the rice adulteration problems in 2015 [54] , have weakened the public's confidence in the safety of grain foods sold at markets. Thus, some households renting out land still have small patches of land for growing subsistence crops for their own use [55] , which receive reduced amounts of agrochemicals or even no agrochemicals. Therefore, less pesticide use in wheat and maize production of households renting out land was observed. However, subsistence crop growth was not sensitive to fertilizer use, since the harmful effects of chemical fertilizer to human health are indirect. This caused the non-responsiveness of fertilizer use to renting out land. In addition, households renting out land often devoted more time and effort to off-farm working than to farming [9] , which was also supported by the result that the percentage of households adopting new technologies and management methods of the renting-out-land group was much lower than that of other groups. Together with the reduction of pesticide use, there was a dramatic reduction in outputs for wheat and maize production among households renting out land.
In general, farmland rental significantly reduced fertilizer and pesticide use for production of both wheat and maize, but renting land and renting out land go different ways. Households renting land reduced their fertilizer and pesticide use by rational use of agrochemicals and by applying new agricultural technologies and management methods, while those renting out land reduced their pesticide use due to concerns about grain food safety and planted food for subsistence.
Our results are based on data from a single year, and this is a limitation to understanding the effects of changes in farmland rental on agrochemical use over time. However, our results still provide important references for farmland rental and food safety for policymakers. Besides, this study only determined the impacts of farmland rental on agrochemical use, which is an indirect indicator of food safety. Thus, the impacts of farmland rental to direct indicators of food safety such as pesticide residues and heavy metal content of the food should be further studied.
Conclusions and Implication
The causal treatment effect of farmland rental on agrochemical use of grain production was estimated in this study. The results indicate that farmland rental can greatly reduce the agrochemical use of grain production. Additionally, the mechanism of households' renting and renting out land behaviors influencing agrochemical use was also analyzed. The study found that households renting land mainly reduced agrochemical use through rational agrochemicals usage and new agricultural technology and management method applications, while those renting out land mainly reduced agrochemical use with concerns of subsistence grain safety.
The results of this study have important implications for farmland rental, food security, and environmental conservation. As a conclusion, our findings suggest that farmland rental contributes to increased food safety and environmental conservation by reducing fertilizer and pesticide use. The development of China's farmland rental markets will continually benefit not only agricultural productivity but also food safety. With the further development of farmland rental markets in China, farmers' knowledge on agricultural technologies and management will become increasingly important to the improvement of productivity and food safety in China. To ensure agricultural productivity and food safety, support for farmer education and training should be increased further.
